Regulation of the successive reaction catalyzed by rat neuronal nitric oxide synthase.
The rat neuronal nitric oxide synthase (nNOS) catalyzes two monooxygenase reactions successively from L-arginine (L-Arg) to L-citrulline (L-Cit) via N(omega)-hydroxy-L-arginine (OH-Arg) without most of OH-Arg leaving the substrate-binding site. In the steady-state reaction conditions, the amount of OH-Arg produced is about 1/30-1/50 that of L-Cit. We found in this study using nNOS purified from an Escherichia coli expression system that the ratio of the amount of OH-Arg to L-Cit (OH-Arg/L-Cit) increased to about 1 at low concentration of NADPH. In one cycle of the nNOS reaction, the decrease in NADPH concentration was found to reduce the rates of two monooxygenase reactions but had little effect on the rate constant of OH-Arg dissociation from the enzyme. The addition of NADP(+), the competitive inhibitor for NADPH, caused the decrease in the rates of monooxygenase reactions in a single cycle of the reaction and the increase in the ratio of OH-Arg/L-Cit in the steady state. At low CaM concentrations, the ratio of OH-Arg/L-Cit was about the same as that at high CaM. In a single cycle of the nNOS reaction, the rate of monooxygenation was not altered by the CaM concentration but the amount of metabolized L-Arg decreased with the decrease in CaM concentration, showing that the amount of active nNOS was regulated by complex formation between nNOS and CaM. It becomes clear that there are two regulatory mechanisms for the successive reaction of nNOS. One controls the rates of monooxygenations and the other controls the amount of active species of nNOS.